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§ 11. Radial Diffusions of RF Driven Minority 
Ions and Efficiencies of ICRF Minority 
Heating in Heliotron/Torsatrons 
Murakami, S., Nakajima, N., Okamoto, M. 
ICRF minority heating produces highly ener-
getic trapped particles, whose motions are very 
complicated in heliotron/torsatrons. Therefore the 
main loss mechanism to lose the input RF power is 
due to the direct orbit loss of those energetic parti-
cles. In order to estimate the effect of direct orbit 
loss on the ICRF heating we study the radial diffu-
sion of the minority ions due to the ICRF heating. 
When we consider the steady state ofiCRF heat· 
ing the relation among Pabs• Ptrans. and Ploss (the 
absorbed RF power to the minority ions, the trans-
ferred power to the background plasma, and the 
lost power of minority ions by the orbit loss) is 
given by 
P abs = Ptrans +Ploss· (1) 
Using the slowing down time, rs, and the confine-
ment time of minority ion, rc, we can express Ptrans 
and Ploss as Ptrans- nV(E)Irs and Plass- nV(E)Irc. 
where n, V, and (E) are the minority ion density, 
plasma volume, and the averaged energy of minor-
ity ions, respectively. Then the heating efficiency, 
1], can be expressed as 
1] = P trans/ P abs 
1 
= 1 + rslrc 
(2) 
(3) 
In order to estimate rc we first evaluate the radial 
diffusion coefficient for minority ions, Dr. where 
rc is approximately given by a21Dr. 
When we consider the radial motion of charged 
particle, large radial motion will occur.if the parti-
cle is the trapped particle. While little radial mo-
tion can be seen if the particle is passing particle. 
Perpendicular velocity modulation due to the in-
teraction with RF wave changes the particle mo-
tion f~om passing to trapped or from trapped to 
passing. Therefore these transitions of particle mo-
tions would enhance the radial diffusion of minor-
ity ions. 
Based on that assumption two cases of the radial 
diffusion are found; one is the case the transition 
frequency of particle motion, Veff, is smaller than 
the drift frequency of the poloidal rotation, vd, and 
the other is the case Veff is larger than vd. 
The radial diffusion coefficient for two cases are 
given by 
for Veff < vd 
for Veff > vd 
(4) 
where o is the deviation of the drift surface from 
the magnetic surface and Vr is the drift velocity of 
radial direction. 
Finally, we can find the relation between 1] and 
p abs for two cases as 
i) Veff < vd case 
( p abs) F(1 - 1])(£110 + krs nV 1]) 
lJ2 (Pabs) 1J = 
- a2 rs n V 1 - 1] O' (5) 
ii) Veff > vd case 
( P abs) [ ( p abs ) l F nV EIIO + krs1J nV 
q2a2128 2 
-(1 - 1]) = 0. (6) 
r;rr 
In order to compare these results with the pre vi-
ous numerical results[!], we evaluate P0 which is 
the value of P abs at 1] = 0.5. 
nV£011 [ 8kq2a2 f2B 2 ] P0 = -- 1 + 2 - 1 . krs F£011 -r; 
(7) 
This result can explain the B dependency of pre vi-
ous results in which P0 = aBY ( r = 1.2 for CHS 
and 1.0 for LHD). 
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